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(54) Process for producing a molded article made of fibre-reinforced thermoplastic material 


(57) A process for producing a molded article made 
of fiber-reinforced thermoplastic material, the process 
comprising the following steps of: 

providing a molding machine comprising a plasticiz- 
ing apparatus (3) of a screwing injector type having 
an opening for receiving raw materials, an appara- 
tus for feeding the raw materials to the plasticizing 
apparatus and a molding apparatus (8) having a 
cavity; 

feeding both thermoplastic material (2) in a solid 
state and reinforcing fibers (5) with a length from 
about 3mm to about 50mm simultaneously into the 
plasticizing apparatus through the opening from the 


feeding apparatus; 

meitingthe thermoplastic material and kneadingthe 
thermoplastic material and the reinforcing fibers in 
the plasticizing apparatus to produce kneaded ma- 
terial comprising the thermoplastic material and the 
reinforcing fibers; 

supplying the kneaded material to the molding ap- 
paratus from the plasticizing apparatus; and 
molding the kneaded material into the molded arti- 
cle in the cavity is provided. Also, a molded article 
made of the fiber-reinforced thermoplastic material 
which is obtained by the above process and con- 
tains the reinforcing fibers with a weight average 
length of about 2 mm or more is provided. 
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Description 

[0001] The present invention relates to a process for producing a molded article made of fibre-reinforced thermo- 
plastic material. 

5 [0002] In the past, molded articles made of thermoplastic resin reinforced with fibers, such as glass fibers, have been 
well-known. There also has been known a process for producing the molded article made of the fiber-reinforced ther- 
moplastic resin, the process comprising the steps of: melt-kneading the thermoplastic resin with reinforcing fibers in 
an extruder to produce pellets of the fiber-reinforced thermoplastic resin in which the reinforcing fibers are contained 
in the thermoplastic resin; feeding the pellets into an injector to melt and knead the same again to produce kneaded 

10 material; and supplying the kneaded material into a mold to form the same into a predetermined form. As a process 
for preparing the pellets of the fiber-reinforced thermoplastic resin by way of melt-kneading the thermoplastic resin 
with the reinforcing fibers, there has been known a process comprising the steps of: providing an extruder having a 
first opening for receiving the thermoplastic resin and a second opening, which is provided in the down flow area from 
the first opening, for receiving the reinforcing fibers; feeding the thermoplastic resin into the extruder through the first 

15 opening to plasticize the same in a melting zone of the extruder; adding the reinforcing fibers to the thermoplastic resin, 
which has reached the second opening, through the second opening; kneading the plasticized thermoplastic resin and 
the reinforcing fibers in a portion of the extruder between the second opening and the outlet of the extruder;, and 
pelletizing the kneaded material. However, a problem with this method is that a large device of complex structure is 
required to be used because the extruder has the opening for receiving the thermoplastic resin and the opening for 

20 receiving the reinforcing fibers, separately. Additionally, the aforementioned method, in which the previously produced 
pellets of the fiber-reinforced thermoplastic resin are again melted and kneaded in the extruder, is problematic in that 
the use of the kneaded material produced by the method usually results in a molded article made of the fiber-reinforced 
thermoplastic resin which contains fibers of extremely short length and has undesirable physical properties because 
kneading of the materials is carried out in the extruder and the injector, separately, twice in total. 

25 [0003] Several methods for producing the molded article made of the fiber-reinforced thermoplastic resin without 
using the pellets of the fiber-reinforced thermoplastic resin also have been known. JPtA-2-153714, for example, dis- 
closes a method comprising the steps of: providing an injector having a first opening for receiving the thermoplastic 
resin and a second opening, which is provided at a down flow area from the first opening, for receiving the reinforcing 
fibers; feeding the thermoplastic resin through the first opening into the injector to melt the same in a melting zone of 

30 the injector; feeding the reinforcing fibers into the injector through the second opening; kneading the molten thermo- 
plastic resin and the reinforcing fibers in the injector; and supplying the kneaded material directly into the mold to form 
the same. JP-A-6-8278 discloses a method comprising the steps of: providing an injector which is provided with a 
single opening for receiving raw materials; feeding both the reinforcing fibers and the thermoplastic resin simultaneously 
into the injector through the opening; kneading the materials in the injector; and supplying the kneaded materials directly 

35 into the mold to form the same. However, the molded article made of the fiber-reinforced thermoplastic resin obtained 
by the above method is not always satisfactory in its physical properties such as an impact strength, because the 
molded article merely contains reinforcing fibers having a length of 400-500 um at most. 

[0004] An object of the present invention is to provide a process for producing molded article made of the fiber- 
reinforced thermoplastic material, the molded article being excellent in physical properties such as the impact strength. 
40 [0005] According to an aspect of the present invention, there is provided a process for producing a molded article 
made of fiber-reinforced thermoplastic material, the process comprising the following steps of: 

providing a molding machine comprising a plasticizing apparatus having an opening for receiving raw materials, 
an apparatus for feeding the raw materials to the plasticizing apparatus and a molding apparatus having a cavity; 

45 feeding both thermoplastic material in a solid state and reinforcing fibers with a length from about 3 mm to about 

50 mm simultaneously into the plasticizing apparatus through the opening from the feeding apparatus; 
melting the thermoplastic material and kneading the thermoplastic material and the reinforcing fibers in the plas- 
ticizing apparatus to produce kneaded material comprising the thermoplastic material and the reinforcing fibers; 
supplying the kneaded material to the molding apparatus from the plasticizing apparatus; and 

50 molding the kneaded material into the molded article in the cavity. 

[0006] Hereafter, the molded article made of the fiber-reinforced thermoplastic material will be referred to as a "fiber- 
reinforced molded article". 

55 
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In the drawings: 
[0007] 

5 Rg. 1 is a diagrammatical section of one example of a machine used for producing the fiber-reinforced molded 

article of the present invention; 

Fig. 2 is a diagram showing the relation between the roving cutter and the feed rollers shown in Fig. 1 ; 
Fig. 3 is a diagram showing a specific structure of the quantitative feeder shown in Fig. 1 ; 
Fig. 4 is a diagram of a screw-type injector shown in Fig. 1 ; 
10 Rg. 5 shows flow charts of one example of the process of the present invention; and 

Fig. 6 is a perspective view of one example of a fiber-reinforced molded article obtained by the process of the 
present invention. 

[0008] The thermoplastic material applied to the present invention may be thermoplastic materials which are appli- 
es cable to conventional molding methods such as injection molding, injection compression molding, extrusion molding 
and stamping molding. Examples of such thermoplastic materials include thermoplastic resins such as potyolefins, e. 
g. , polyethylene and polypropylene, polystyrene, polycarbonate, acrylonrtrile-styrene-butadiene block copolymer, ther- 
moplastic elastomers such as ethylene-propylene block copolymer and styrene-butadiene block copolymer; and ther- 
moplastic polymer alloys. 

20 [0009] The thermoplastic material may contain additives, which can normally be used in processing thermoplastic 
materials, such as a filler, e.g., talc; a pigment; an antistatic agent; and an antioxidant. 

[0010] The reinforcing fibers applied to the present invention are not restricted as long as they are able to reinforce 
the thermoplastic material, and may be fibers which have been used for reinforcement of thermoplastic materials, such 
as glass fibers, carbon fibers, alumina fibers and aramid fibers. 

25 [001 1 ] a weight average length of the reinforcing fibers contained in the fiber-reinforced molded article of the present 
invention is about 2 mm or more, preferably from about 2 mm to about 50 mm. The fiber-reinforced molded article 
containing the reinforcing fiber of such weight average length is excellent in physical properties such as impact strength . 
The weight average length of the reinforcing fibers contained in the fiber-reinforced molded article can be determined 
by the following procedure. A piece cut from the fiber-reinforced molded article is burned with direct fire to remove the 

30 thermoplastic material. About 1 30 to 1 50 fibers are arbitrarily gathered to be measured both weight and length of each 
fiber. Based on the weight and the length measured, the weight average length of the reinforcing fibers are calculated 
according to the following equation (1 ): 

^ Lw=Z(UXWi)/£Wi (1) 

wherein Lw is a weight average length (mm) of the reinforcing fibers. U and Wi are a length (mm) and a weight (g) of 
the *th fiber, respectively. The fiber-reinforced molded article of the present invention with the ratio of the weight average 
length to the number average length of about 1.1 or more, preferably from about 1.1 to about 2, becomes superior 
40 both in the impact strength and in appearance. The number average length of the reinforcing fibers can be determined 
according to the following equation (2): 

Ln = 2(UxNi)/ZNi (2) 

45 

wherein Ln is the number average length (mm) of the reinforcing fibers and Ni is the number of the reinforcing fiber 
with a length of U (mm). A content of the reinforcing fibers in the fiber-reinforced molded article is not particularly 
limited, but it preferably falls within the range of from about 20% by weight to about 75% by weight from the viewpoint 
of physical properties of the fiber-reinforced molded article. Furthermore, the fiber-reinforced molded article preferably 
so contains the reinforcing fibers with a diameter of from about 6 urn to about 25 ujti. 

[0012] The fiber-reinforced molded article of the present invention is produced by a process comprising the following 
steps of: 

providing a molding machine comprising a ptasticizing apparatus having an opening for receiving raw materials, 
55 an apparatus for feeding the raw materials to the plasticizing apparatus and a molding apparatus having a cavity; 

feeding both thermoplastic material in a solid state and reinforcing fibers with a length of from about 3 mm to about 

50 mm simultaneously into the plasticizing apparatus through the opening from the feeding apparatus; 

melting the thermoplastic material and kneading the thermoplastic material and the reinforcing fibers in the plas- 
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titizing apparatus to produce kneaded material comprising trie thermoplastic material and the reinforcing fibers; 
supplying the kneaded material to the molding apparatus from the plasticizing apparatus; and 
molding the kneaded material into the molded article in the cavity. Hereinafter, the opening provided to the plasti- 
cizing apparatus for receiving the raw materials is referred to as a material-feed opening. 

5 

[0013] The thermoplastic material in the solid state is not particularly limited in size and shape as long as it can be 
fed into the plasticizing apparatus and kneaded. Thermoplastic material in a form of pellets, granules or powders may 
be normally used in the present invention. 

[0014] The reinforcing fibers to be fed into the plasticizing apparatus are not particularly limited in form as long as 
10 they are from about 3 mm to about 50 mm long. Chopped strands, which are produced by cutting a roved strand (a 
continuing strand) containing several hundreds or several thousands of monofilaments having a diameter of from about 
6 urn to about 25 urn bundled with a binder into about 3 mm to about 50 mm length, is preferably employed. The present 
invention may use either chopped strands which have been previously cut into a predetermined length and stored or 
chopped strands which have cut into the predetermined length with a roving cutter provided near the material-feed 
15 opening of the plasticizing apparatus, directly. The roved strands are preferably treated with a surface sizing agent in 
order to enhance bonding strength of its surface with the thermoplastic material. The kind of the surface sizing agent 
may be chosen depending mainly upon the kind of the thermoplastic material used. 

[0015] Modified thermoplastic material which can be bonded to the reinforcing fibers is preferably used in order to 
attain a firm bond between the thermoplastic material and the reinforcing fibers, it also is preferable that a modifier for 

20 making the thermoplastic material capable of bonding with the reinforcing fibers is fed into the plasticizing apparatus 
with the thermoplastic material and the reinforcing fibers. For example, In cases where polypropylene and glass fibers 
are used, respectively, as the thermoplastic material and the reinforcing fibers, polypropylene modified with maleic 
acid is preferably used as the polypropylene. It also is preferable that unmodified polypropylene, glass fibers and maleic 
acid as a modifier are fed into the plasticizing apparatus together. Although the modifier is often used in a form of 

25 pellets, It may be used in a form of granules or powders in order to attain its good dispersion into the thermoplastic 
material. Normally, the modifier is dry-blended with the thermoplastic material in the solid state, and then the resulting 
mixture is fed into the plasticizing apparatus together with the reinforcing fibers, followed by carrying out the steps of 
melting and kneading in the plasticizing apparatus. In order to maintain the reinforcing fibers long in the plasticizing 
apparatus, it is preferred to avoid strong kneading However, kneading too gently results both in insufficient dispersion 

30 of the modifier in the thermoplastic material and in an undesirable effect. A modifier with a relatively small particle size 
is preferably used so as to attain a desirable effect of the modifier even kneading weakly. The use of thermoplastic 
material in which the modifier has previously compounded is also preferred. The amount of the modifier compounded 
varies depending upon e.g. amount and kind of the reinforcing fibers and kind of the thermoplastic material, but it is 
normally falls within the range of from about 1 % by weight to about 1 5% by weight based on the weight of the thermo- 

35 plastic material. 

[0016] In a fiber-reinforced molded article produced by using the above-mentioned raw materials, it is preferred that 
almost every strand is loosened into monofilaments which uniformly disperse in the thermoplastic material, and that 
the molded article has few voids. Unloosened strands and voids may cause deterioration of the physical properties of 
the fiber-reinforced molded article. 
40 [001 7] The fiber-reinforced molded article of the present invention is produced by the method comprising the following 
steps of : 

providing a molding machine comprising a plasticizing apparatus having an opening for receiving raw materials, 
an apparatus for feeding raw materials to the plasticizing apparatus and a molding apparatus having a cavity; 

45 feeding both thermoplastic material in a solid state and reinforcing fibers with a length of from about 3 mm to about 

50 mm simultaneously into the plasticizing apparatus through the opening from the feeding apparatus; 
melting the thermoplastic material and kneading the thermoplastic material and the reinforcing fibers in the plas- 
ticizing apparatus to produce kneaded material comprising the thermoplastic material and the reinforcing fibers; 
supplying the kneaded material to the molding apparatus from the plasticizing apparatus; and 

so molding the kneaded material into the molded article in the cavity. Several examples of the production process of 

the fiber-reinforced molded article of the present invention will be described below, but the scope of the present 
invention should not limited to the examples. 

[0018] Fig. 1 shows one example of the molding machine for producing the fiber-reinforced molded article of the 
55 present invention. The molding machine includes a plasticizing apparatus (B), a molding apparatus (C) and an appa- 
ratus (A) forfeeding raw materials into the plasticizing apparatus (B). The raw material-feeding apparatus (A) illustrated 
in Fig. 1 has a roving cutter (1) for discharging the reinforcing fibers with a predetermined length, a quantitative feeder 
(2) for discharging the thermoplastic material in the solid state, and a hopper (4) for introducing the reinforcing fibers 
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from the roving cutter (1) and the thermoplastic material from the feeder (2) into the ptasticizing apparatus (B). The 
plasticizing apparatus (B) may be a screw-type injector (3) having the material-feed opening which opens with facing 
the hopper. The plasticizing apparatus may be either another type of injector or an extruder. The molding apparatus 
(C) may comprise a mold (8) and a press device (7) having a damping mechanism. The quantitative feeder for dis- 

5 charging the chopped strands which have been previously cut into the predetermined length may be employed in place 
of the roving cutter (1). The quantitative feeder (2) for discharging the thermoplastic material may be replaced with 
another device which can discharge the thermoplastic material quantitatively. The reinforcing fibers from the roving 
cutter (1) and the thermoplastic material from the quantitative feeder (2) are introduced by the hopper (4) and fed into 
the injector (3) simultaneously through the common material-feed opening. In the example shown in Fig. 1, an inner 

io pipe (5) is provided over the hopper (4). The reinforcing fibers cut into the predetermined length by the roving cutter 

(1 ) are fed inside the inner pipe (5) . The quantitative feeder (2) is equipped with a shoot (6). The thermoplastic material 
discharged from the quantitative feeder (2) naturally flows down on the shoot (6) to be fed into a space lying between 
an inner wall of the hopper (4) and an outer wall of the inner pipe (5). The injector (3) has the materiaMeed opening 
which opens with facing the hopper. The reinforcing fibers, which are introduced by the hopper, are fed into the injector 

is through the material-feed opening. An tip end of the injector (3) is connected with the mold (8). The kneaded material 
produced in the injector (3) can be injected into the cavity through a passage (S) provided in the mold (8). 
[0019] Hereafter, the above-outlined apparatus will be described in detail. 

[Roving Cutter (1)] 

20 

[0020] The roving cutter (1 ) has, as schematically shown in Fig. 2, a first feeding roll (111) and a second feeding roll 
(112) for sending out roved fibers (L) with spreading them, and a cutting roll (12) provided on the exit side of the feeding 
rolls and having a width wider than the spreading width of the roved fibers (L) spread by the feeding rolls. The cutting 
roll (12) has at least one cutting blade which can contact with the second feeding roll (112) when rotating. The roved 

25 fibers (L) is cut by the cutting blade and the second feeding roll (112) into a predetermined length and drop forward 
the inner pipe (5). The cutting roll (12) is provided so that the cut reinforcing fibers (L1) fall inside the inner pipe (5). A 
length of the cut reinforcing fiber (L1) may be determined depending upon a pitch of the cutting blade(s) provided on 
the cutting roll (12). The pitch is set so that the reinforcing fibers are cut into about 3-50 mm, preferably about 3-25 
mm. In the example shown in Fig. 2, four roved glass fibers of 2400 tex are sent into a nip defined by a first feeding 

30 roll (111) and a second feeding roll (112) to be cut into 14 mm length. In this example, the cut reinforcing fibers (L1) 
are discharged from the roving cutter at a speed of 2.2 kg per minute. The yam number and the number of the roved 
fibers to be sent to the roving cutter and the discharging speed of the cut reinforcing fibers from the roving cutter may 
be suitably changed. In this example, polypropylene was used as the thermoplastic material, and roving glass fibers 
whose surface had been treated with modified polypropylene was employed in order to enhance the adhesiveness 

35 between polypropylene and the reinforcing fibers. 

[Quantitative Feeder (2)] 

[0021] The quantitative feeder (2) has, as schematically shown in Fig. 3, a hopper (21) for accumulating the ther- 
40 moplastic material in the solid state, and a conveyer (22) for conveying the thermoplastic material supplied from the 
hopper (21 ). The discharging speed of the thermoplastic material from the quantitative feeder (2) can be controlled by 
adjusting the rotating speed of a motor for driving the conveyer (22). The thermoplastic material discharged from the 
quantitative feeder (22) slips down on the shoot which is connected with the quantitative feeder and are fed into a 
space lying between the inner wall of the hopper (4) and the outer wall of the inner pipe (5). 
45 [0022] The modifier and other additives may be supplied to the quantitative feeder together with the thermoplastic 
material. For example, the thermoplastic material, the modifier and the additives may be dry-blended, followed by being 
supplied to the quantitative feeder. In this example, pellets of polypropylene resin (commercial name: Sumitomo Noblen 
AX568; manufactured by Sumitomo Chemical Co., Ltd.) as the thermoplastic material and a modifier with a particle 
diameter of 1.5 mm or less (commercial name: Umex; manufactured by Sanyo Chemical Industries, Ltd.) were dry- 
so blended, and then the blend was supplied to the quantitative feeder so that a supplying speed of the polypropylene 
pellets became 5.1 kg/min. 

[Hopper (4)] 

55 [0023] The hopper (4) is a member for allowing both the reinforcing fibers (L1 ), which were cut into the predetermined 
length and discharged by the roving cutter (1), and the thermoplastic material discharged from the quantitative feeder 

(2) to be contacted and mixed with each other and to be introduced toward the material-feed opening of the injector (3). 
[0024] Although the hopper (4) may be made of any materials, it is preferred that the hopper is made of a material 
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which is difficult to generate static electricity even if it coll ides or contacts with the reinforcing fibers and the thermoplastic 
material. The hopper (4) may be equipped with a vibrator (43) so that the reinforcing fibers do not attach to the hopper. 
Air may be blown on a part of the hopper (4) where the reinforcing fibers tend to attach because of static electricity. 
[0025] Accumulating the reinforcing fibers and the thermoplastic material constantly in the hopper (4) in an amount 

s within a predetermined range results in a stable plasticizing speed. Therefore, the hopper (4) is preferably equipped 
with means for controlling the amount of the accumulated reinforcing fibers and thermoplastic material. As such means, 
in this example, an upper switch (41) for detecting an upper limit of an upper surface of the accumulated materials, 
and a lower switch (42) for detecting an lower limit of the upper surface of the accumulated materials are provided to 
the hopper (4). When the upper surface of the accumulated materials in the hopper (4) reaches the lower switch by 

io supplying the materials into the injector (3), the roving cutter (1) and the quantitative feeder (2) start to work, and 
feeding of the reinforcing fibers and the thermoplastic material into the hopper (4) is commenced. When the upper 
surface of the accumulated materials in the hopper (4) reaches the upper switch (41), the roving cutter (1) and the 
quantitative feeder (2) are stopped to work, and feeding of the reinforcing fibers and the thermoplastic material is 
quitted. An angle (6) between the inner wall of the hopper (4) and a vertical line is normally 45° or less, particularly 30° 

is or less, and typically 1 5° or less. 

[0026] This example employed a hopper made of stainless steel coated with a polyethylene terephthalate film having 
a thickness of 0.4 mm, as the hopper (4). The hopper (4) was equipped with the upper switch (41 ) and the lower switch 
(42) with an interval of 150 mm. The hopper (4) had a oval section in a horizontal direction and an angle between its 
inner wall and the vertical line of 1 0° . 

20 

[Inner Pipe (5)] 

[0027] The inner pipe (5) provided in the hopper (4) leads the reinforcing fibers (L1) dropping from the cutting roll 
(12) to the vicinity of the center of the hopper (4). Although the inner pipe (5) may be made of any materials, it is 
25 preferred that it is made of a material which is difficult to generate static electricity even if it collides with the reinforcing 
fibers and the thermoplastic materia). 

[0028] Diameters of an upper opening (51) and an lower opening (52) of the inner pipe (5) may be either equal to or 
different from each other. The upper opening means an entrance of the inner pipe for receiving the reinforcing fibers 
(L1 ). The lower opening is an exit of the inner pipe for discharging the reinforcing fibers. However, the diameter of the 

30 lower opening (52), normally, is shorter than that of the upper opening (51 ). An angle (9*) between the inner wall of the 
inner pipe (5) and a vertical line is 30° or less, preferably 15° or less. Vibrating the inner pipe (5) has an effect on 
preventing the reinforcing fibers from attaching to the inner wall of the inner pipe (5) resulting in clogging the inner pipe 
(5). The inner pipe (5) may be vibrated by a vibrator. Alternatively, when the pellets of the thermoplastic material are 
supplied into the hopper (4), the inner pipe (5) may be vibrated by the collision of the pellets with the outer wall of the 

35 inner pipe. 

[0029] This example used, as the inner pipe (5), a pipe made of stainless steel whose inner surface was coated with 
a polyethylene terephthalate film with a thickness of 0.4 mm. Diameters of the upper opening (51) and the lower opening 
(52) were 65 mm each. The pellets of the thermoplastic material was fed into the hopper (4) so as to collide with the 
outer wall of the inner pipe (5) to vibrate the same. 

40 

[Screw Type Injector (3)] 

[0030] The screw type injector (3) is, as illustrated in Fig. 4, provided with an opening for receiving the reinforcing 
fibers and the thermoplastic material in the solid state. The opening is referred to as a "material-feed opening". 
45 [0031] The screw (31)of the injector (3) preferably requires that a part of the screw positioning under the material- 
feed opening satisfies the following inequality (3): 

{(p/2) 2 X* - (q/2) 2 X*}xr s 350 (3) 

50 

in order to prevent the reinforcing fibers from breaking to maintain the reinforcing fibers in the kneaded material relatively 
long while kneading the thermoplastic material and the reinforcing fibers in the injector. In the inequality (3), p, q and 
r, respectively, indicate an inner diameter (cm) of a barrel, a diameter (cm) of the screw at its groove bottom, and a 
flight pitch (cm) of the screw. While the groove bottom of the screw is made round, the value of the smallest part 
55 between the flights is selected as the value of q. Although the diameter of the material-feed opening is normally set 
equal to a diameter of the barrel, the flight pitch of the screw, r, in the inequality (3) is replaced with the diameter of the 
material-feed opening when the diameter of this opening is smaller than r. 
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[0032] In the injector, the screw retracts with its rotation, and therefore, a part of the screw which positions under 
the material-feed opening changes with the rotation of the screw. The inequality (3) is preferably satisfied for all parts 
of the screw which may come under the material-feed opening. In this example, the diameter of the material-feed 
opening was 12 cm, p was 1 2, q was 8.7 and r was 1 0.8. Hence, the value of the left side of the inequality (3) was 579. 
5 [0033] In order to control cutting the reinforcing fibers during the step of kneading the thermoplastic material and the 
reinforcing fibers with plasticizing the thermoplastic material in the injector (3), the screw (31) preferably is a full flight 
screw. A mixing head having a check ring mechanism is preferably provided to the tip portion of the screw. This example 
employed a full flight screw equipped with the mixing head (32) to its tip end. 

[0034] The screw (3) can be sectioned, from its rear end to its tip end, into three zones including a feed zone (311), 
io a compression zone (312) and a metering zone (313). In the screw used in this example, a groove depth of the feed 
zone (311) was set to 1 6.5 mm and a groove depth of the metering zone (313) was set to 5.25 mm. A groove depth of 
the compression zone (312) was tapered from 16.5 mm to 5.25 mm. The ratio among the lengths of the feed zone 
(311), the compression zone (312) and the metering zone (313) was set to 2:1 :1 . The flight pitch of the screw (31) in 
its full flight portion was set to 1 20 mm, which was equal to the diameter of the screw. A compression ratio of the screw 
is (31) preferably is 4 or less. An apparent shear rate preferably is 10 seer 1 or less. The compression ratio and the 
apparent shear rate are given by the following equations (4) and (5), respectively. 

Compression ratio = (groove depth in feed zone) / (groove depth of metering zone) (4) 

20 

Apparent shear rate = (w x D x n) / (60 x H) (5) 

D, n and H indicate the diameter (mm) of the screw (31 ), the screw speed (r.p.m.) and the groove depth (mm), respec- 
ts tively. The screw can be rotated and moved reciprocatorify in its axial direction by a screw driving device (33). In this 
example, the compression rate of the screw was 3.14. The apparent shear rate of the screw was 71 .8 seer 1 when the 
screw was rotated at the screw speed of 60 r.p.m. 

[0035] The above-mentioned raw material-feeding apparatus (A) and the plasticizing apparatus (B) work, for exam- 
ple, under a control by a computer according to the flow-chart shown in Fig. 5. One example of the process for producing 

30 the fiber-reinforced molded article of the present invention using the molding machine having the raw material-feeding 
apparatus (A), the plasticizing apparatus (B) and the molding apparatus will be described below. 
[0036] The work of the molding machine is commenced by starting the roving cutter (1 ) and the quantitative feeder 
(2). The pellets of the thermoplastic material are fed, together with the modifier previously dry-blended, into the hopper 
(21 ) of the quantitative feeder (2) and supplied, in order, onto the conveyer (2). The pellets of the thermoplastic material 

35 are conveyed by the conveyer (2) to the shoot (6). The pellets slip on the shoot to be fed into the hopper (4). Simulta- 
neously, the reinforcing fibers cut by the roving cutter (1) is fed into the hopper (4) via the inner pipe (5). The pellets 
of the thermoplastic material and the reinforcing fibers are accumulated in the hopper (4). 

[0037] The arrival of the upper surface of the accumulated materials at the upper switch (41 ) provided to the hopper 
(4) stops the roving cutter (1 ) and the quantitative feeder (2) and stop feeding the reinforcing fibers and the pellets of 

40 the thermoplastic material into the hopper (4). 

[0038] After making sure that the upper surface of the accumulated materials in the hopper (4) has reached the upper 
switch (41) and the screw (31) is located at a predetermined position in the injector (3), the rotation and retraction of 
the screw is commenced. Plastication of the thermoplastic material and kneading of the thermoplastic material and 
the reinforcing fibers are continued to produce the kneaded material containing the thermoplastic material and the 

45 reinforcing fibers in the injector (3) until the screw retracts to another predetermined position. As the screw retracts, 
the reinforcing fibers and the pellets of the thermoplastic material accumulated in the hopper (4) are supplied into the 
injector (3) and these materials in the hopper (4) decrease. Arrival of the upper surface of the accumulated materials 
in the hopper (4) at the lower switch (42) starts the roving cutter (1) and the quantitative feeder (2) to start feeding of 
the reinforcing fibers and the pellets of the thermoplastic material. Feeding of these materials is continued until the 

50 upper surface of the accumulated materials in the hopper (4) reaches the upper switch (41 ). 

[0039] After making sure that the screw (31) in the injector (3) has retracted to the predetermined position and the 
molding apparatus (C) including the mold (8) and the press device (7) is in the predetermined condition, the kneaded 
material is injected from the injector (3) to be supplied into the cavity (X) through the passage (9) provided in the moid 
(8). The kneaded material supplied into the cavity is formed to the predetermined shape in the cavity. After cooling in 

S5 an adequate degree, the fiber-reinforced molded article is taken out from the mold. 

[0040] After the kneaded material being injected from the injector (3) and making sure that the upper surface of the 
accumulated materials has reached the upper switch (41) and the screw (3) is located at the predetermined position, 
the foregoing series of operations are repeated. 


7 


EP1260 347A2 


[0041] In the above example, the reinforcing fibers and the pellets of the thermoplastic material were quantitatively 
fed into the hopper (4). In the hopper (4), a large portion of the reinforcing fibers is located near the center of the hopper 
with being surrounded by a large portion of the pellets of the thermoplastic material. Consequently, since there are few 
reinforcing fibers near the inner wail of the hopper (4), the time taken to uniformly disperse the reinforcing fibers into 
s the thermoplastic material became constant and the content of the reinforcing fibers in the fiber-reinforced molded 
article also became constant. 

[0042] This example used glass fibers and polypropylene resin, respectively, as the reinforcing fibers and the ther- 
moplastic material. The glass fibers with a length of 14 mm were fed into the hopper (4) in a rate of 2.2 kg/min from 
the roving cutter (1 ) via the inner pipe (5). The pellets of the polypropylene resin were fed into the hopper (4) in a rate 

10 of 5.1 kg/min with being collided with the outer wall of the inner pipe (5). It took eighteen seconds from the start of 
rotating the screw to the completion of producing 2.2 kg of kneaded material containing both the glass fibers and the 
polypropylene resin. The time from the start of rotating the screw to the completion of producing the kneaded material 
is called the piasticizing time. The kneaded material is called plasticized fiber-reinforced polypropylene resin. 
[0043] The weight of the glass fiber-reinforced molded article and the piasticizing time were approximately constant 

is for each repeated molding cycle. The glass fibers and the pellets of the polypropylene resin were smoothly fed into 
the hopper (4) without clogging the hopper (4). 

[0044] Fig. 6 illustrates the perspective view of the fiber-reinforced molded article obtained in the example. Bending 
test according to JIS K 7203 and Izod impact test according to J IS K 71 1 0 were carried out for test specimens cut from 
the center portion of the molded article. The weight average length and the number average length of the reinforcing 

20 fibers contained in the fiber-reinforced molded article were obtained using the test specimens. The content of the glass 
fibers was 31 .0% by weight. The above example is indicated as Example 1 . The test results are shown in Table 1 . 
[0045] In Example 2, the glass fiber-reinforced polypropylene resin molded article was produced according to the 
same manner as described in Example 1 , except for cutting the glass fibers into 6 mm length by the roving cutter (1). 
The bending test and Izod impact test were carried out and the weight average length and the number average length 

25 were obtained in a manner similar to that of Example 1 . The content of the glass fibers was 30.5% by weight. The test 
results are shown in Table 1 . 


Table 1 


Test result 


Example 1 

Example 2 

Lw (mm) 

4.2 

2.6 

Ln (mm) 

3.4 

2.3 

Lw/Ln 

154 

1.13 

Bending modulus of elasticity (GPa) 

4.84. 

5.15 

Bending strength (MPa) 

115.1 

121.1 

Izod impact strength (kg) 

21.9 

15.3 


[0046] The fiber-reinforcing molded article made of the thermoplastic material of the present invention is extremely 
superior in physical properties such as impact strength, because it contains the reinforcing fibers with a length of about 
3 mm to about 50 mm. 

45 

Claims 

1 . A process for producing a molded article made of fiber-reinforced thermoplastic material, the process comprising 
M the following steps of: 

providing a molding machine comprising a piasticizing apparatus having an opening for receiving raw mate- 
rials, an apparatus for feeding the raw materials to the piasticizing apparatus and a molding apparatus having 
a cavity; 

^ feeding both thermoplastic material in a solid state and reinforcing fibers with a length from about 3 mm to 

about 50 mm simultaneously into the piasticizing apparatus through the opening from the feeding apparatus; 
melting the thermoplastic material and kneading the thermoplastic material and the reinforcing fibers in the 
piasticizing apparatus to produce kneaded material comprising the thermoplastic material and the reinforcing 
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fibers; 

supplying the kneaded material to the molding apparatus from the plasticizing apparatus; and 
molding the kneaded material into the molded article in the cavity. 
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Fig. 2 
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Fig. 3 
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ABSTRACT: 


CHG DATE=20040301 STATUS=0>A process for producing a molded article made of flllf- 
reinforced thermoplastic material, the process comprising the following steps of: providing a 
molding machine comprising a plasticizing apparatus (3) of a screwing injector type having an 
opening for receiving raw materials, an apparatus for feeding the raw materials to the 
plasticizing apparatus and a molding apparatus |8) having a cavity; feeding both thermoplastic 
material (2) in a solid state and reinforcing IIM (5) with a length from about 3mm to about 
50mm simultaneously into the plasticizing apparatus through the opening from the feeding 
apparatus; melting the thermoplastic material and kneading the thermoplastic material and the 
reinforcing jjlp in the plasticizing apparatusto produce kneaded material comprising the 
thermoplastic material and the reinforcing lilH ; supplying the kneaded material to the 
molding apparatus from the plasticizing apparatus; and molding the kneaded material into the 
molded article in the cavity is provided. Also, a molded article made of the IBM -reinforced 
thermoplastic material which is obtained by the above process and contains the reinforcing 
ilierlWjlM^iiili average length of about 2 mm or more is provided. 
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Basic Abstract Text - ABTX (1): 


iiiHi and a thermoplastic resin material are charged in a common material supply passage 
and they are supplied to a plasticising machine at the same time. The IfiBI ( L1 ) witn mean 

length of 3 mm - 50 mm are charged in a cylindrical material supply passage while 
charging the granulated or powdered thermoplastic resin material (P) in the cylindrical material 
supply passage so as to envelope the jHH in the thermoplastic resin material in the 
cylindrical material supply passage 

Basic Abstract Text - ABTX (2): 

USE - They are suitable for an injection moulding machine for moulding a 1111 reinforced 
resin article etc.. 

Basic Abstract Text - ABTX (3): 

ADVANTAGE - Attaching of j^Hi oj^hejwall^surface of the material supply passage is 
prevented even though long and light are used. 

Title ■ TIX (1): 

iljfi and thermoplastic resin material supply method - comprises charging in a common 
material supply passage and supplied to a plasticising machine simultaneously, such that the 
ilWl are enveloped in the thermoplastic resin material in the cylindrical passage 

International Patent Classifications(Derived) - IPC (7): 


Standard Title Terms - TTX (1 ): 

lift! THERMOPLASTIC RESIN MATERIAL SUPPLY METHOD COMPRISE CHARGE 
COMMON MATERIAJ_j5UPPLY PASSAGE SUPPLY PLASTICISED MACHINE 
SIMULTANEOUS jg ENVELOP THERMOPLASTIC RESIN MATERIAL CYLINDER 
PASSAGE 
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